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Thallium-201 myocardial imaging is the technique of choice 
for assessing regional myocardial perfusion and is the most 
widely applied radionuclide technique for detecting and 
evaluating coronary artery disease (1). Conventional planar 
thallium-201 imaging, however, is limited by its two- 
dimensional nature, which results in substantial myocardial 
tissue overlap. The introduction of single photon emission 
computer tomography (SPECT) (2) offers promise to circum- 
vent the limitations of planar imaging by providing a three- 
dimensional view of the myocardium with reduction in 
myocardial overlap and enhancement of lesion contrast. 
With multiple commercial SPECT camera computer systems 
now available, SPECT is rapidly becoming widely used in 
clinical practice. A growing body of information (3-7) sug- 
gests that it is superior to planar imaging for thallium-201, 
with the largest comprehensive comparison now being re- 
ported by Fintel et al. (3) in this issue of the Journal. 
Planar versus tomographic imaging by visual analysis. 
Fintel and associates (3) studied 136 patients by randomly 
sequenced planar and tomographic imaging and compared 
the visual diagnostic performance of the two imaging meth- 
ods. By receiver operating characteristic (ROC) analysis (8) 
the study reported improved diagnostic performance for 
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detecting and localizing coronary artery disease by tomog- 
raphy over the entire range of clinically relevant specificity 
values (ie., specificities of ~50%). In subgroup analyses, 
they found that thallium SPECT was superior in men and in 
patients with “milder” disease (those with no prior myocar- 
dial infarction, single vessel disease and 50 to 69% coronary 
stenoses). Single photon emission computed tomography 
was also superior for identifying left anterior descending and 
left circumflex coronary artery disease. The improved per- 
formance by SPECT in localizing disease is of particular 
clinical importance in the era of coronary angioplasty. 
Tomographic imaging allows perfusion defects to be more 
accurately attributed to a branch of a coronary vessel and 
has been shown to be useful in identifying the “culprit” 
lesion in myocardial ischemia (9). 
With respect to correct identijication of the number of 
d&used vessels, Fintel et al. (3) showed that SPECT was 
significantly better than the planar method for identifying 
patients with single or double vessel diseases. They also 
demonstrated the superiority of tomographic imaging in 
detecting multivessel disease in patients with prior myocar- 
dial infarction (3) an ability that is of major potential 
importance in management decisions. Although not shown 
in this study, others (4,6) have also found tomography to be 
superior in correct identification of triple vessel disease. In 
general, therefore, current studies (3-7) are in agreement 
that SPECT is better than the planar method for assessing 
disease extent. 
Order of imaging. Fintel et al. (3) showed that the order 
of imaging influenced the diagnostic performance of both 
imaging methods. Each method performed better as the first 
than as the second test although, even as a second test, 
imaging by tomography proved to be more accurate than the 
planar method. The better performance of the first versus the 
second test is most likely due to early redistribution of 
thallium-201, which could potentially occur during the 235 
min that pass between tracer injection and completion of the 
initial poststress imaging sequences (10-13). In this respect, 
radiopharmaceuticals that do not redistribute, such as the 
technetium-99m isonitriles (14-17), have a potential advan- 
tage over thallium-201 for combined planar and tomographic 
imaging. 
Optimal thallium-201 dose and acquisition protocols. Fin- 
tel et al. (3) report that the use of 1.5 to 2 mCi of thallium-201 
generally produced “satisfactory” initial poststress and 4 h 
redistribution images for visual analysis. However, total 
imaging time was >30 min for tomographic acquisition (30 
min of imaging time plus time for camera motion). Because 
of the relatively uncomfortable position required for tomog- 
raphy (supine with arms extended over the head), long 
acquisition times increase the possibility of patient motion 
01989 by the American College of Cardiology 0735-1097/89/$3.50 
614 KIAT ET AL. JACC Vol. 13, No. 3 
EDITORIAL COMMENT March 1, 1989:6134 
during imaging. We and others (18) have found it preferable 
to increase the injected dose to 3 to 4 mCi and to reduce the 
imaging time to about 20 min. This combination results in 
improved count statistics, enhancing image quality for the 
initial and 4 h redistribution images. In addition, it allows the 
acquisition of late (18 to 72 h) redistribution images, which 
may be necessary to detect late reversibility in patients with 
nonreversible defects at 4 h (19-21). 
Visual versus quantitative analysis of thallium-201 tomog 
raphy. Although the results of visual analysis by trained 
observers as reported by Fintel et al. (3) are likely to remain 
pivotal in the overall evaluation of tomographic thallium-201 
images, objective quantitative analysis methods for SPECT 
have been developed and validated (18,22-24). These quan- 
titative approaches circumvent the problem of intra- and 
interobserver variability, help in training of inexperienced 
readers and assist even experienced observers by providing 
an objective “second opinion.” Those approaches that 
utilize a polar display (1822) also provide a method for 
immediate appreciation of the presence, size and location of 
perfusion abnormality. Beyond objectifying interpretation, 
quantitative tomography offers major improvement in diag- 
nostic performance over quantitative planar imaging, with 
(7,25) and without (26) addition of washout analysis, in the 
detection of left circumflex artery disease, which is concor- 
dant with the visual results of Fintel et al. (3). Additionally, 
quantitative SPECT thallium-201 imaging is emerging as an 
important technique for assessing the size of myocardial 
perfusion defect (27,28) and has been applied clinically to 
compare the efficacy of various treatment regimens after 
myocardial infarction (29). Widespread clinical utilization of 
these objective quantitative approaches is likely in the near 
future. 
Quality control with SPECT imaging. Although the avail- 
able published reports (3-7) demonstrate the improved ac- 
curacy of SPECT over planar imaging, it is essential to 
recognize that tomographic imaging provides many more 
sources of potential false positive studies. Before image 
acquisition, SPECT requires greater attention than does 
planar imaging to collimator integrity, detector uniformity 
and proper center of rotation. During image acquisition, 
SPECT is subject to problems related to patient motion (30) 
and upward motion of the heart (“upward creep”) (31). 
Even with the shortened (20 min) tomographic imaging time, 
we (30,31) have found that a substantial proportion of 
patients demonstrate motion or “upward creep,” which 
results in artifactual perfusion defects. Thus, a limitation of 
the study by Fintel et al. (3) is the absence of mention of 
quality control, specifically as to what extent, if any, patients 
were excluded because of motion or other artifacts on 
tomographic images. The problems are not insurmountable. 
Patient motion can be minimized by keeping the patient 
awake during acquisition, comfortably restraining the pa- 
tient’s arms out of the field of view and instructing patients 
to refrain from talking. Upward creep can be reduced by 
interposing a 5 min anterior view planar acquisition between 
the end of exercise and the beginning of tomographic acqui- 
sition. As added benefits, addition of this anterior planar 
view at stress and 4 h allows assessment of the lung uptake 
of thallium (32), an important marker of disease extent 
(32,33), as well as evaluation of prognosis (34,35) and 
transient dilation of the left ventricle, a specific marker of 
severe and extensive coronary artery disease (36). Quality 
control for motion and upward creep is achieved by direct 
evaluation of the projection images in a tine display and by 
evaluation of added projection images. After acquisition, 
tomography is more subject than planar imaging to errors in 
selection of myocardial slices for visual display and quanti- 
tation and in alignment of slices for comparison of stress and 
redistribution images. 
With its inherently greater complexity and larger number 
of sources for false positive studies, thallium-201 tomogra- 
phy is likely to have a lower specificity than planar imaging 
whether this is measured by findings in patients with normal 
coronary arteriograms or patients with a low likelihood of 
coronary artery disease (37,38). With proper attention to 
quality control, however, we believe that SPECT is the 
thallium-201 imaging method of choice. 
Future directions of tomographic myocardial perfusion 
imaging. There are many areas in which SPECT requires 
further development. In the clinical realm, it must be recog- 
nized that a large body of data has been collected by planar 
imaging with respect to the prognostic content of thallium- 
201 studies (35,39-51). By visual analysis (39-45), normal 
studies have been associated with an excellent prognosis and 
abnormal studies with a high risk for subsequent cardiac 
events. This risk has been demonstrated to be a complex 
function of both the severity and the extent of the perfusion 
defect (40). Furthermore, the risk stratification by planar 
thallium-201 scintigraphy was shown to be superior to that of 
coronary angiography (45). The prognostic importance of 
pulmonary thallium uptake (34,35) was mentioned earlier. 
Quantitative analysis of thallium-201 planar studies has also 
been demonstrated to improve identification of patients with 
high risk coronary angiographic findings (52), to provide 
important prognostic information (35,46-51) and to add 
prognostically to information provided by coronary angiog- 
raphy (51). Studies assessing whether thallium-201 SPECT 
has similar prognostic power are needed. With respect to 
technical development, correction for tissue attenuation and 
scatter could improve the diagnostic accuracy of thallium- 
201 SPECT by minimizing frequently seen basal inferior and 
basal septal a&factual defects due to variable attenuation as 
well as problems associated with breast artifact. Image 
quality may be further enhanced through the employment of 
an elliptical detector orbiting for acquisition. 
With the development of the technetium-99m isonitriles 
and their imminent clinical availability, SPECT may become 
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even more important for myocardial perfusion imaging. We 
have preliminarily observed (53) that image defect contrast is 
lower by planar imaging with isonitriles than by planar 
thallium-201 imaging, whereas with SPECT, the isonitrile 
defect contrast was equal to that observed with thallium-201. 
Furthermore, isonitrile imaging results in much higher count 
rates due to the ability to use far higher doses than thallium- 
201, thereby making it possible to perform gated tomogra- 
phic studies (54), which are likely to improve perfusion 
defect detection and allow simultaneous assessment of per- 
fusion and function. 
The work by Fintel et al. (3) has shown the superiority of 
tomographic over planar thallium-201 imaging at the early 
stage of visual image assessment. The promise of wide- 
spread use of objective quantitative analysis methods, and 
the forthcoming developments noted, indicate a bright future 
for single photon tomographic myocardial perfusion imag- 
ing. 
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